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One of the most common causes of pulmonary
thromboembolism in cattle is thrombosis of the
posterior vena cava associated with hepatic ab-
scessation.

The purpose of this paper is to briefly review the
literature on the subject and to report on the
prevalence and clinicopathological findings on the
disease in cattle in Saskatchewan.

LITERATURE REVIEW

Pulmonary thromboembolism in cattle may be a
sequel to several different diseases or lesions
including phlebitis of the jugular veins, mastitis,
metritis, traumatic reticuloperitonitis, hepatic ab-
scessation, infection of the interdigital space (28)
and thrombosis of the posterior vena cava associa-
ted with hepatic abscessation (9).

Pulmonary thromboembolism as a result of
thrombosis of the posterior vena cava has been
described in Europe (4, 5, 6, 21-23, 27, 28) and in
the U.S.A. (17). Atthe Royal Veterinary College in
Sweden from 1935 to 1960 the incidence was 4.35%
of 1,279 adult cattle examined at necropsy (21). In
a continued study from 1961 to 1966 the incidence
was 1.7% of 687 necropsies of cattle (22). In the
U.S.A. the necropsy of 1,998 yearling feedlot cattle
revealed an incidence of 1.3% (17) and 40%
occurred during the first 45 days of the feedlot
period and 28% during the next 45 days.

The clinical findings in cattle affected with
pulmonary thromboembolism include coughing,
expiratory dyspnea, hemoptysis and abnormal
lung sounds on auscultation. Thoracic pain may be
detectable on deep palpation of the abdomen at the
level of the sternum (4, 5, 6, 17, 21-23, 27, 28).
Anemia is common in the later stages and
hepatomegaly may be present (5, 6,23,27). Melena
due to the coughing up and swallowing of blood
may occur in some cases (5). The pulmonary
hemorrhage may be fatal and exhibited clinically
by epistaxis and hemoptysis.

Endocarditis is not generally a feature but may
occur in about 10% of cases (28). Hypergam-
maglobulinemia may also occur in long standing
cases (28). Treatment is ineffective and the case
fatality rate is usually 1009% (27).

All of the vascular lesions are complications of
hepatic abscessation and thrombosis of the pos-
terior vena cava. The thrombus forms as a result of
thrombophlebitis of the vessel due to infiltration
by a perivascular hepatic abscess. Thrombosis of
the posterior vena cava results in embolism to the
pulmonary arteries, pulmonary arterial thrombo-
embolism, pulmonary arteritis, chronic suppura-
tive pneumonia and the formation of multiple
pulmonary abscesses. Pulmonary arterial aneur-
ysms may occur and rupture of these cause
extensive intrapulmonary and intrabronchial hem-
orrhage (4, 5, 6). These lesions explain the clinical
findings of dyspnea, abnormal lung sounds and
hemoptysis. Hemoptysis occurs because the pul-
monary arteries closely follow the air passage
distribution to the level of the terminal bron-
chioles (2). The causes of death include coronary
arterial occlusion, congestive heart failure, cere-
brai hypoxia (21, 27), respiratory insufficiency and
fatal pulmonary hemorrhage (5).

At necropsy the most remarkable lesions are in
the lungs, posterior vena cava and liver. There is
pulmonary edema, emphysema and intrapul-
monary and intrabronchial hemorrhage. The
intrapulmonary hemorrhage due to the ruptured
aneurysms may result in large globular masses of
clotted blood adjacent to a dilated portion of a
pulmonary artery. Large deposits of clotted blood
may be present in the major bronchiand trachea. A
large thrombus is usually present in that portion of
the posterior vena cava which lies between the liver
and the right atrium. There is usually an adjacent
hepatic abscess and varying degrees of venous
congestion of the liver and hepatomegaly are
present depending on the size of the thrombus in
the posterior vena cava. Clots of blood may be
present in the rumen.

The hepatic abscesses are due to infection of the
portal circulation with pyogenic bacteria from
suppurative lesions elsewhere in the body or more
commonly as a complication of rumenitis caused
by lactic acidosis associated with carbohydrate
engorgement (1, 10, 15, 25). Hepatic abscesses may
contain a mixture of Gram positive and Gram
negative bacteria (7) and while Fusiformis necro-
phorus is the most common organism isolated (8,
16, 24, 26), Corynebacterium pyogenes is also a
common isolate (21). The two species of organ-
isms occur commonly together in liver abscesses
and exhibit a pyogenic synergy (18, 19). Whereas
antibiotics in the feed have been used to reduce the
incidence of hepatic abscessation with varying
results (3, 12, 13, 20) the rate of change and
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proportion of concentrate in the diet are the
important factors in the development of rumenitis
(14). The random anatomical distribution of
abscesses in the liver of cattle is due to the lack of
right and left laminar flow in the portal circulation
of the bovine liver (11).

MATERIALS AND METHODS

The necropsy records of all cattle affected with
hepatic abscessation and thrombosis of the pos-
terior vena cava from January, 1968 to March,
1974 at the Western College of Veterinary Medi-
cine. The epidemiological data, clinical history and
necropsy findings were collected in an attempt to
characterize the disease as it occurs in Saskatche-
wan.

In addition, 40 livers condemned for abscessa-
tion and adhesion were obtained from a local
abattoir. Each liver was diagramatically divided
into quadrants and the parietal and visceral
lesions, including scars, were counted. Each liver
was then cross sectioned at intervals of 2 cm and
the subsurface lesions counted. Notations of gross
vascular involvement were also made. Selected
areas of abnormal liver and gall bladders were
taken and fixed in 10% formalin for microscopic
examination.

The incidence of condemnation of livers due to
hepatic abscessation was determinated by examina-
tion of the daily inspection records of the abattoir
during the first and last ten week periods of 1973.

RESULTS

Statistical Epidemiology

During the period of study, six years and three
months, the incidence of hepatic abscessation was
2.26% (171 of 7,545 bovine necropsies). Throm-
bosis of the posterior vena cava occurred in 19.3%
of cases of hepatic abscessation. There were four
cases of thrombosis of the vessel without evidence
of hepatic abscessation.

The seasonal incidence, the time of death after
clinical signs, the circumstances of death and
whether or not the animal came from a feedlot are
summarized and appear in Figure 1. There
appeared to be an increased incidence in March
and April, and from September to December
which are periods of the year which coincide with
the fattening and finishing periods of feedlot cattle.
Sudden death accounted for 43.2% of cases of
thrombosis of the posterior vena cava, death
occurred within 24 hours after the onset of clinical
signs in 21.6% and the remainder of 35.2% had an
illness which lasted from two to 18 days. Those
cases from feedlots accounted for 40.5%.

The disease occurred in cattle from three weeks
to 12 years of age. Approximately 46% of all cases
occurred in cattle from one to two years of age and
only three cases occurred in animals less than one
year of age. There was no evidence of sex or breed
predilection.
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FIGURE I. Time of death, feedlot origin and seasonal

occurrence of caval thrombosis at the Western College of
Veterinary Medicine for the period of January, 1968 to
March 31, 1974.
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FIGURE2. Results of asurvey of 40 livers condemned for
abscessation and adhesion at an abattoir. The quadrants
are numbered | to 4. The parietal surface numbers
include subsurface lesions.

During the 20 week period surveyed at the
abattoir, 23.7% of the livers were condemned for
abscessation and;or adhesions from a total of
20,226 cattle and 684 calves slaughtered. The
lesions present in the 40 abattoir specimens were
concentrated in quadrant |, the quadrant con-
sisting of the largest mass of liver (Figure 2).
Fourteen (35%) of the 40 livers had abscesses
which were adjacent to blood vessels with the
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FIGURE 3. An abscess (A) involving the posterior vena
cava (B). A photographic enlargement of H & E section
from a condemned liver.

FIGURE 6. Lung showing alveolar, lobular and intra-
bronchial hemorrhage. Also note interlobular edema
present. A photographic enlargement of an H & E
section.

FIGURE 4. The bile duct from a condemned liver with

cholangitis showing lymphocytic infiltration. H & E. x
15.

FIGURES. The gall bladder from a condemned liver with
cholecystitis showing lymphocytic infiltration. H & E. x
15.

following distribution: 79.2% involved hepatic
veins, 12.5% involved the posterior vena cava
(Figure 3), and 8.3% involved the posterior vena
cava and an adjacent hepatic vein. The endo-
thelium was intact and there was no evidence of
thrombus formation in any of the above vessels
which were adjacent to hepatic abscesses. The
number of abscesses in the 14 livers with vascular
involvement varied from one to 151. Cholangitis
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FIGURE 7. Lung showing lobular separation due to
edema, noncollapse due to emphysema and lobular
hemorrhage in varying stages of resolution.

and cholecystitis were present in one liver (Figures
4 and 5).

Clinical History

The clinical findings reported included respira-
tory insufficiency with coughing and hemoptysis,
an expiratory grunt, subcutaneous emphysema
and frothing at the mouth. Digestive disturbance
included ruminal stasis, scant feces and inappe-
tence. Nervous signs were seen in one animal with a
history of lameness, weakness and recumbency.
Most affected cattle were in good bodily condi-
tion; only two were in poor condition. The
tentative clinical diagnosis submitted included
pneumonia, hepatic abscessation, traumatic retic-
uloperitonitis and its various sequelae, brain
abscess, hydrops amnion and poisonings.

Pathology

On gross examination of the lungs there was
usually extensive emphysema and edema (Figures
6 and 7). Hemorrhage was lobular in distribution
(Figure 7). Rupture of the pulmonary arteries
resulted in intrapulmonary hemorrhage and the
formation of large hematomas, and intrabronchial
hemorrhage (Figure 8) was characterized by clots



FIGURE 8. A cross section of lung with hemorrhage into
the bronchial tree due to caval thrombosis and pul-
monary embolism.

FIGURE 9. A cross section of lung with a large
thrombosis in a pulmonary artery.

of blood in the major bronchi and trachea.
Thrombosis of the pulmonary arteries was dis-
tributed at random throughout the lung (Figure 9)
and there was a close association between throm-
bosed vessels and the lumen of the bronchi.
Microscopically there was edema, hemorrhage,
pulmonary arterial embolism, and focal pneu-
monia (Figure 6).

The most consistent lesion in the digestive tract
was hepatic abscessation which was associated
with thrombosis of the posterior vena cava in 33
out of 37 cases. Diaphragmatic adhesions were
present in 609% of the cases. The abscesses varied in
size and some ruptured directly into the posterior
vena cava (Figure 10). The size of the thrombus of
the posterior vena cava was variable (Figures 10-
12) and the thrombus was most frequently located
in the area where the posterior vena cava passes
through the diaphragm. In one case., a hepatic
abscess 8 cm lateral to the posterior vena cava had
an inflammatory reaction extending through the
diaphragm to involve the vessel 7.5 cm anterior to
the diaphragm. In another case, an abscess which
was present in a lymph node, between the liver and
the posterior vena cava, initiated the thrombus
formation (Figures 11 and 12). Chronic passive
congestion of the liver was present in some
instances and was usually due to a large thrombus

FIGURE 10. A thrombus (A) in the posterior vena cava
associated with an hepatic abscess (B) that has ruptured
into the lumen of the vessel (C).

¥

FIGURE 1l. A thrombus in the posterior vena cava
associated with an abscessed lymph node.

-\ -

FIGURE 12. A longitudinal cut into the specimen in
Figure 11 revealing the abscessed lvmph node initiating
the caval thrombosis syndrome.

of the posterior vena cava which almost totally
occluded the vessel. Blood was present in the
rumen of 30% of all cases of pulmonary throm-
boembolism and in 75% of these, blood was
present in the oral cavity. There was evidence of
ruminal scars in one case and mild rumenitis in
another. Septic embolism occurred in the kidney,
brain and mesenteric artery of two cases.
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DISCUSSION

The results of the retrospective study of the
necropsy records are in general agreement with the
published literature on pulmonary thromboem-
bolism due to thrombosis of the posterior vena
cava in association with hepatic abscessation in
cattle (4, 21-23, 27, 28). Hepatic abscesses may
cause thrombosis of the posterior vena cava,
usually near the location where the vessel passes
through the diaphragm. Thromboembolism of the
pulmonary arteries is a common complication
which results in suppurative embolic pneumonia,
pulmonary arterial aneurysms which may rupture
and cause fatal hemorrhage. The presence of an
hepatic abscess is not a prerequisite; any infectious
process, such as an abscessed lymph node, adjacent
to the posterior vena cava may initiate the
thrombus formation. The syndrome may occur as
early as three weeks of age in which case it is
probably associated with omphalophlebitis rather
than the rumenitis-liver abscess complex which
occurs in yearling and adult cattle.

In the livers obtained from the abattoir the largest
number of abscesses were present in the largest
quadrant of the liver from which the posterior vena
cava originates. The abscesses were close to and
involving blood vessels but not their endothelium
in 35% of the abattoir livers. The higher incidence
of abscesses in the abattoir livers compared to the
livers from the necropsy examinations requires
further epidemiological examination. The differ-
ence may be due to the failure to examine all dead
animals, incomplete necropsies and the practice of
slaughter for salvage which may spuriously in-
crease the incidence of hepatic abscessation in
cattle examined at the abattoir compared to a
diagnostic laboratory (21, 27).

The disease complex occurs with sufficient
frequency that it should be considered at necropsy
when the lungs are affected with extensive em-
physema, edema and hemorrhage, and clinically
when cattle are affected with a sudden onset of
respiratory insufficiency and hemoptysis. Because
the case fatality rate is usually 100%, an accurate
clinical diagnosis is desirable and slaughter for
salvage is the disposition of choice.

SUMMARY

During a period of six years and four months the
incidence of hepatic abscessation in 7,545 cattle
examined by necropsy in a diagnostic laboratory
was 2.26% and thrombosis of the posterior vena
cava was present in 19.3% of all livers with
abscesses. The clinical histories indicated that 65%
of the animals affected with thrombosis of the
posterior vena cava died within 24 hours after
clinical signs were noted while 35% lived for two to
18 days. The clinical signs were referrable to
pulmonary thromboembolism due to thrombosis
of the posterior vena cava usually associated with
hepatic abscessation.
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A survey of livers from cattle slaughtered in an
abattoir during a 20 week period revealed that
23.7% of all livers were condemned for absces-
sation and adhesions. In 40 of the condemned
livers there was a 35% incidence of gross perivascu-
lar and/or vascular involvement by abscesses.

RESUME

Au cours d’une période de 76 mois, I'incidence
d’abcés hépatiques chez 7,545 bovins dont on
effectua la nécropsie dans un laboratoire de
diagnostic, s’élevait a 2.26%. On démontra la
présence d’une thrombose de la veine cave
postérieure dans 19.3% des cas d’abcés hépatiques.
L’anamnése révéla que 65% des sujets atteints
d’'une thrombose de la veine cave postérieure
moururent en 'espace de 24 heures aprés I'appari-
tion des signes cliniques, tandis que 35% survé-
curent de deux a 18 jours. Les signes cliniques
permettaient de soupgonner une thrombo-embolie
pulmonaire, attribuable a une thrombose de la
veine cave postérieure résultant d’abcés hépa-
tiques.

Une analyse de la condamnation du foie des
bovins abattus dans un abattoir, sur une période de
20 semaines, révéla que 23.7% de tous ces foies
subirent la condamnation a cause d’abcés et
d’adhérences; 35% des 40 foies condamnés pré-
sentaient des abces péri ou intra-vasculaires.

ACKNOWLEDGMENTS

The help and cooperation of the Health of
Animals Branch of the Canada Department of
Agriculture in obtaining condemnation data and
Intercontinental Packers Ltd. of Saskatoon for
making condemned livers available for the study
are gratefully acknowledged.

REFERENCES

I. AHRENS. F.A. Histamine, lactic acid, hypertonicity as
factors in the development of rumenitis in cattle. Am.
J. vet. Res. 28: 1335-1342. 1967.

2. ALEXANDER. A.F. and R. JENSEN. Normal structure of
bovine pulmonary vasculature. Am. J. vet. Res. 24:
1083-1093. 1963.

3. AVERY.R.J. The effect of feed-lot rations containing
low-level amounts of aureomycin on the incidence of
liver abscesses in cattle. Can. vet. J. 3: 15-17. 1962.

4. BREEZE.R.G.. H.M. PIRIE.C.0. DAWSON. LE. SELMAN and
A. WISEMAN. The pathology of respiratory diseases of
adult cattle in Britain. Folia vet. Latina 5: 95-128.
1975.

5. BREEZE. R.G.. H.M. PIRIE. LE. SELMAN and A. WISEMAN.
Hemoptysis in cattle. Bovine Practnr, Oklahoma 11:
64-72. 1976.

6. BREEZE. R.G.. H.M. PIRIE, LE. SELMAN and A. WISEMAN.
Pulmonary arterial thrombo-embolism and pul-
monary arterial mycotic aneurysms in cattle with
vena caval thrombosis: a condition resembling the
Hughes-Stovein syndrome. J. Path. 119: 229-237.
1976.



7. CALKINS, H.E. and M.L. DEWEY. Quantitiative analysis
of microflora of a bovine liver abscess. J. Bact. 96:
1439-1440. 1968.

8. CALKINS. H.E. and L.H. SCRIVNER. Isolation of
Sphaerophorus necrophorus from bovine liver ab-
scesses. Appl. Microbiol. 15: 1492-1493. 1967.

9. CORDY. D.R. Pigmentation and mineralization in
bovine pulmonary embolism. Cornell vet. 56: 251-
259. 1966.

10. DUNLOP. R.H. Pathogenesis of ruminant lactic acido-
sis. Adv. vet. Sci. Comp. Med. 16: 259-302. 1972.

11. HABEL. R.E. Applied Veterinary Anatomy. p. 249.
Ann Arbor, Michigan: Edward Brothers. 1973.

12. HARVEY.R.W..M.B.WISE and E.R. BARRICK. Influence of
roughages and an antibiotic on performance, rumen
epithelium and liver abscesses of steers fed an all-
concentrate ration. J. Anim. Sci. 24: 885. 1964.

13. HARVEY. R.W.. M.B. WISE. T.N. BLUMER and E.R. BAR-
RICK. Influence of added roughage and chlortetra-
cycline to all-concentrate rations for fattening steers.
J. Anim. Sci. 27: 1438-1444. 1968.

14. JENSEN. R.. W.E. CONNELL and A.W. DEEM. Rumenitis
and its relations to rate of change of ration and the
proportion of concentrate in the ration of cattle. Am.
J. vet. Res. 15: 425-428. 1954.

5. JENSEN. R.. H.M. DEANE. L.J. COOPER. V.A. MILLER and
R.W. GRAHAM. Rumenitis-liver abscess complex in
beef cattle. Am. J. vet. Res. 15: 202-216. 1954.

16. JENSEN.R.J.J.C. FLINT and L.A. GRINER. Experimental
hepatic necrobacillosis in beef cattle. Am. J. vet. Res.
15: 5-14. 1954a.

17. JENSEN.R..R.E. PIERSON. P.M. BRADDY. D.A. SAARL L. H,
LAUERMAN. J.J. ENGLAND. A. BENITEZ. D.P. HORTON and
AL McCliSNEY. Embolic pulmonary aneurysms in
vearling feedlot cattle. J. Am. vet. med. Ass. 169:
518-520. 1976.

18. ROBERTS. D.S. The pathogenic synergy of Fusiformis
necrophorus and Corynebacterium pyogenes. 1.
Influence of the leucocidal exotoxin of F. necro-
phorus. Br. J. exp. Path. 48: 665-673. 1967.

ABSTRACT

Identity of fluorescence in polioencephalomalacia.
P.B. Little (Dept. Path., Ont. Vet. Coll., Guelph,
Ontario).

Scottish workers have previously reported
briefly on the use of ultraviolet light to demon-
strate areas of brain necrosis. The technique has
proved useful in the diagnosis of polioencephalo-
malacia. Studies in New Zealand by the author
have confirmed the value of this technique for the
rapid identification of this disease and for extend-
ing studies on the distribution of the brain lesions.

Ultraviolet light at 365 nm leads to autofluores-
cence of the cortical lesions. however in mild cases
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and animals affected less than two to three days the
test may be spuriously negative.

Preliminary studies of affected brains using
Folch-Lee extraction. thin layer chromatography
and fluorescent microscopy have identified the
fluorescence originating in ceroid-lipofuscin in
lipophages. This explains the tests failure in early
and mild cases when insufficient autofluorescent
pigment has yet formed.

The application of this test for laboratory diag-
nosis of polioencephalomalacia reduces the diag-
nostic interval from two to three davs to several
minutes in most cases. The test can be expected to
be useful to identify malacic foci caused by other
pathological processes.
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